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^toracV.— Observations on the mating behavior of Aciurina mexicana (Aczel) in the

laboratory are presented. Courtship and agonistic displays are named and described in

detail. These displays include stereotypic body postures and wing movements, nuptial

feeding, and abdominal inflation with odor production by males. Preliminary observations

suggest that the male's nuptial gift is produced from the crop, and the source of the male

odor is the abdominal pleura. Mating behavior of ,4. mexicana is compared with other

Aciunna species and tephritid flies generally. Potential use of mating behavior in fruit fly

systematics is noted.
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At least 12 species oi Aciurina occur in

the western United States and northern

Mexico (Steyskal 1984, Dodson and George

1986). Larvae of the species for which host

plants are known form galls on asteraceous

plants, primarily Chrysothamnus species

(Steyskal 1984, Dodson 1987b).

Mating behavior has been observed for a

number of Aciurina species. Tauber and

Tauber (1967) reported the reproductive

behavior and biology of Aciurina ferruginea

(Doane) from California. Wangberg (1981)

commented on the mating behavior of A.

ferruginea. A. maculata (Cole), A. semilu-

cida (Bates), A. trixa Curran, and an un-

described species (probably A. idahoensis

Steyskal— see Steyskal [1984]) from Idaho.

Dodson (1987b) described the mating be-

havior of .4. trixa in New Mexico.

Dodson (1987b) predicted that most

species of Aciurina would exhibit a similar

mating strategy which he termed the "male-

searching mating system." In this system.

males move about the host plant scanning

for conspecifics and attempt to copulate with

any females encountered. Evidently, court-

ship is limited to a few brief wing displays

and may not precede attempts at copula-

tion. Successful mating is dependent more
on a male's ability to maintain a mounted
position on a female (Dodson pers. comm.).

Aciurina mexicana (Aczel) occurs in

southern Arizona, southern California, and

northern Mexico where larvae form stem

galls on Baccharis sarothroides Gray (Stey-

skal 1984). Contrary to what has been re-

ported for other Aciurina species, precop-

ulatory behavior in A. mexicana is

protracted and involves a number of com-

plex sexual displays. This paper describes

the mating behavior of A. mexicana.

Materials and Methods

Specimens used in this study were swept

from B. sarothroides located 14.3 km SE of

Continental, Ariz. (Pima Co.) on 16 Feb.
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and 1 Mar. 1986. Flies were separated by

sex and caged, one to several, in 0.3-1 clear

plastic cups. Cages were fitted with a cotton

wick for water and ventilated by a series of

small punctures around the top and bottom.

Flies were fed a diet of honey containing a

small quantity of nutritional yeast. The

honey/yeast mixture was provided ad lib on

a paper strip suspended in the cage; water

was supplied twice daily by saturating the

cotton wick. Flies were kept in the labora-

tory at ambient temperature, relative hu-

midity, and photoperiod.

Observations of mating behavior began

by placing a pair of flies in a 100 x 15 mm
plastic petri dish. Tnal length varied with

the flies' activities. Trials were discontinued

when one or both flies became unresponsive

or agonistic. Whencopulation occurred, the

pair was observed at least until they uncou-

pled. Petri dishes were changed between

trials. Observations were made between

1025 and 1627 hours (MST) on nine dates

between 25 Feb. and 10 Mar. 1986. Dura-

tion of mating activities was recorded to the

nearest minute. Video recordings were used

to help analyze behaviors.

Results

Courtship and agonistic displays. —Sev-

eral displays were typical of one or both

sexes of .4. mexicana during courtship and

agonistic interactions. To facilitate discus-

sion, these displays are named and de-

scribed below. Rotation of the wing refers

to twisting the wing so its ventral surface is

brought into an anteriorly directed position

and the costal margin is pointing upward

(Fig. 1). Rotating the wing 90° results in the

wing blade being more or less perpendicular

to the substrate. Angular measurements of

wing movements are visual approxima-

tions.

Slow signal: One wing is brought slowly

forward to an angle of ca. 90° to the long

axis of the body (Fig. 2). As the wing is

moved forward the wing blade is rotated ca.

90°. The forward movement of the wing may

be smooth or by intermittent jerks accom-

panied by slight rotational adjustments. The
wing IS then slowly returned to its original

position and the other wing brought forward

in a similar manner. Both sexes exhibited

this display.

Wing fanning: Both wings are held out-

stretched at an angle of ca. 45° to the long

axis of the body, with the wing blades ro-

tated between ca. 45° and 90° (Fig. 3). Both

wings are then brought forward and re-

turned in short, very rapid, coupled strokes.

Bouts of wing fanning were brief (ca. 1 s or

less) and sometimes occurred in rapid

succession. Only males exhibited this be-

havior.

Wing flicking: Both wings are held out-

stretched at an angle of ca. 45° to the long

axis of the body, with the wing blades ro-

tated ca. 90° (Fig. 4). Both wings are then

brought forward and returned in short, quick

strokes, with a brief pause between strokes.

Only courting males used this display.

Wing thrust: Both wings are simulta-

neously and quickly brought forward to an

angle of ca. 90° to the long axis of the body;

wings are rotated ca. 90° as they are brought

forward (Fig. 5). Wings are held in this po-

sition as the fly charges toward an intruder.

Wing thrusts may be accompanied by wav-

ing the forelegs in an aggressive manner

("sparring"), with or without making con-

tact. Wing thrusts and sparring were ob-

served for both sexes.

Wing waving: Wings are alternately

brought forward to an angle of ca. 90° to the

long axis of the body; the wing is rotated

ca. 90° as it is brought forward (Fig. 6). Each

wing is returned to its initial position over

the back of the fly as the other wing is brought

forward. Wing waving is similar to the slow

signal, but the wings are brought forward

and returned in rapid succession. Wing

waving was the basic component of female

courtship.

Abdominal inflation: The abdominal

pleura of males become swollen during

courtship and agonistic intrasexual dis-
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Figs 1-6. 1 . Wing rotation in Aaunna me.xicana (left anterolateral view). The wing blade goes from parallel

to the substrate to perpendicular to the substrate (rotation = 90°). a, wing apex; b. wing base; c, costal margin.

Figs. 2-6. Wing displays in Aaiinna me.xicana (dorsal view). 2, Slow signal. 3, Wing fanning. 4, Wing flicking.

5, Wing thrust. 6, Wing waving. See text.
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plays. Inflation of the pleura is accompanied

by the release of an odor, presumably a

pheromone, that is easily detectable by hu-

mans.

Nuptial gift: During courtship males pro-

duce a clear fluid from their mouthparts and

dab it onto the substrate with their labellum.

Females are attracted to and feed on the

fluid while males attempt mounting. The

fluid becomes sticky as it dries. Nuptial gifts

that were not entirely consumed were readi-

ly eaten by both sexes.

Mating behavior.— A total of 33 trials

were conducted and 20.9 h of observations

recorded. Courtship displays were observed

for either one or both sexes during 26 trials:

only males displayed in 1 1 trials, only fe-

males displayed in two trials, and both sexes

displayed during 1 3 trials. No courtship was

observed during seven trials. Copulation (n

= 7) occurred only in trials where both sexes

exhibited courtship displays. Males initi-

ated courtship in 19 trials with two of these

resulting in copulation; females initiated in

three trials, one resulted in copulation; both

flies began courting simultaneously during

four trials, all resulted in copulation. Trials

in which courtship did not lead to copula-

tion (n = 19) were discontinued when one

or both flies were unresponsive (n = 5) or

agonistic (n = 14).

After being placed in a petri dish, flies

walked about randomly, often with their

wings outstretched, or groomed until one or

both became cognizant of the other. Both

sexes rhythmically extended and retracted

their mouth parts during mating as well as

nonmating activities. Courtship and mating

were not limited to a particular surface with-

in the dish.

The most typical and complete sequence

of mating behaviors from courtship through

copulation is given below. Deviations from

this pattern are then discussed.

The body of males during noncourtship

activities was held close to the substrate.

During courtship, however, males extended

their legs and held their bodies well above

the substrate. In this raised posture males

rocked from side to side and displayed wing

flicking and abdominal inflation (n = 24).

While displaying, males remained station-

ary or moved forward by short, uncoupled

steps. Males typically approached females

from the front. When within a few centi-

meters of the female, the male turned,

moved a short distance away, turned back

to face the female, and reapproached. This

sequence was repeated several times prior

to producing a nuptial gift.

Females responded to courting males by

wing waving (n = 1 3). The intensity of wing

waving was affected by the male's proxim-

ity. As the male moved away from the fe-

male, wing waving was less vigorous or

ceased; as he reapproached, wing waving

became more vigorous or was resumed.

After a period of reciprocal displays, the

male, while continuing to display, became

stationary and produced a nuptial gift (n =

7). Although males usually continued to

court females that became unresponsive (n

= 2) or agonistic (n = 4), nuptial gifts were

produced only after vigorous wing waving

by females. While continuing her wing wav-

ing, the female approached the male and

began to feed on the nuptial gift. As the

female fed, her wing waving became very

rapid. Males displayed for a mean of 8.7

min (n = 7, median = 9 min, range = 2-17

min) before producing a nuptial gift. One
male placed his gift on the side of the petri

dish, three males placed their gifts on the

dish bottom, and three placed a gift on the

dish lid.

The male ceased displaying soon after the

female began feeding on the nuptial gift. He
then retreated a short distance and reap-

proached the female to attempt mounting.

As the male moved away the female ceased

to display but continued feeding. As he

reapproached the female, his body was close

to the substrate and his wings were folded

tightly over his abdomen. Males usually
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mounted from the side or rear by simply

grabbing the female, or by pushing their head

under one of the female's wings and climb-

ing upon her abdomen. Females usually

continued feeding and remained stationary

while the male attempted to mount.

Males probed the tip of the female's ovi-

scape with their surstyli after mounting.

Prior to intromission the male grasped the

female tightly by hooking his foretarsal claws

over the anterolateral margin of her synter-

gum 1+2; his meso- and metatarsi re-

mained on the substrate. The male main-

tained a grip on the female's syntergum after

intromission; his mesotarsi were held loose-

ly about her fifth or sixth tergum, and his

metatarsi were held loosely about her ovis-

cape or trailing behind, touching the sub-

strate or not. The male's abdomen returned

to its precourtship size after mounting.

After coupling (n = 7), a pair usually

moved a short distance before becoming

stationary and usually remained in one place

if undisturbed. The male's wings were held

over his abdomen during copulation; the

female's wings were spread to accommo-
date his body. Copulation lasted a mean of

1.5 h (n = 6, range = 1.1-1.9 h). (Mean

duration of copulation does not include one

pair that became uncoupled when inadver-

tently disturbed.) Males remained motion-

less during copulation except for adjusting

their posture when disturbed by intermit-

tent grooming by the female. Females also

were seen to slow signal during copulation.

Uncoupling was brief and seemingly

without difficulty. Both sexes spent a short

period grooming themselves after uncou-

pling. Males usually reinitiated courtship,

but females either were unresponsive or ac-

tively rejected them. No male was seen to

remount a female following copulation.

Several deviations from the pattern of

courtship described above were observed.

Males did not produce a nuptial gift in two

of the seven trials that resulted in copula-

tion. Duration of copulation for these two

pairs was 1.4 and 1.5 h. During two trials

where gifts were produced and the males

were unsuccessful in their first attempts to

mount, they reinitiated wing flicking and

added more fluid to the gifts. One male

added to the gift twice, the other six times;

copulation followed in each case. In two

other trials the female elicited and fed on a

nuptial gift, but then vigorously evaded at-

tempts by the male to mount. In four trials,

males showing limited or no displays at-

tempted to mount females; none of these

resulted in copulation. During two trials fe-

males exhibited wing waving without pre-

vious courting by males. In one of these

trials the male was unresponsive; in the oth-

er, the male attempted mounting and then

exhibited agonistic behavior (wing thrusts)

during the remainder of the trial (ca. 6 min).

Agonistic behavior.— Wing thrusts were

used in an aggressive manner at close dis-

tances, inter- or intrasexually. Wing thrusts

or sparring, or both, were often used by fe-

males to reject courting males (n = 1 1 ). Wing

fanning accompanied by abdominal infla-

tion and odor production was commonly
observed between males in the same con-

tainer. Wing fanning was observed between

a male and female only once.

Females evaded a male's attempt to

mount by simply walking or running away.

While moving away, females sometimes

held or flicked their wings over their ab-

domen. Females prevented mounted males

from copulating by either kicking with their

hind legs or pushing the tip of their oviscape

to the substrate, or both. Females did this

while stationary or while dragging the male.

Discussion

Courtship and agonistic displays.— /I.

mexicana appears to share a number of wing

displays with other Aciuhna species as well

as other fruit flies in general. Tauber and

Tauber (1967) described wing movements

o{ A. ferruginea that are similar to the slow

signal of .4. mexicana. They suggested that

the display functioned in intraspecific rec-

ognition, courtship, and copulation. This
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display also was reported for A. fenuginea

by Wangberg (1981). Dodson (1987b) de-

scribed similar wing movements for .4. thxa.

The slow signal of A. mexkana occurred

when flies were together or alone and could

not be associated with any specific activity.

Slow signals were often seen while flies, re-

gardless of sex, faced each other at a short

distance. This suggests that slow signals may
in part operate in conspecific recognition. A
similar display occurs in a number of fruit

flies (e.g. Nation 1972, Piper 1976, Cav-

ender and Goeden 1982, 1984).

Displays like wing fanning and wing flick-

ing may also occur in A. higeloviae (Cock-

erel]) and A. thxa (G. Dodson pers. comm.).

"Rowing" of the wings described for ,4. trixa

(Dodson 1987b) is similar to wing fanning

and wing flicking described here (G. Dodson
pers. comm.).

Wing fanning by A. mexicana may help

direct male odor toward intruders. Dis-

persal of a sex pheromone by a similar be-

havior has been suggested for Anasirepha

suspensa (Loew) and Ceratitis capilata

(Wiedemann) (Nation 1972, Prokopy and

Hendrichs 1979). Alternatively, Sivinski et

al. (1984) convincingly demonstrated that

wing fanning by males of .4. suspensa pro-

duces sounds that are sexually important,

intraspecific signals. No sound was noted

during wing fanning by Aciurina mexicana.

Wing flicking also may help to disperse

and direct male odor. Prior to and inter-

mittently during courtship, males rubbed

their hind legs against their abdominal pleu-

ra and in turn rubbed their wings. This may
transfer odor from the pleura to the wings

where it then could be dispersed by wing

flicking. The activity may be coincidental

with grooming. Male Anasirepha suspensa

exhibit a similar behavior, and Nation

(1972) noted that "this cleaning behavior

may spread a sex attractant over the body
and wings and provide a greater surface from

which it can evaporate." Piper (1976) sug-

gested that wing movements in general may
help direct pheromones toward either sex.

Copulating males of Aciurina fenuginea

may "flick" their wings at approaching males

(Tauber and Tauber 1967). In the context

of agonistic behavior, this display is similar

to the wing thrusts of .4. mexicana. Sparring,

but not wing thrusts, has been reported for

A. trixa (as "grappling," Dodson [1987b]).

A display resembling wing thrusts also has

been reported for Trupanea bisetosa (Co-

quillett) and Paracantha cultaris (Coquil-

lett) (Cavender and Goeden 1982, 1984). In

these flies, however, the display functions

in courtship.

Wing displays comparable to wing wav-

ing have been reported for .4. ferruginea and

A. trixa (Tauber and Tauber 1967, Dodson
1987b) as well as other fruit flies (e.g. Tau-

ber and Toschi 1 965, Cavender and Goeden

1982. Dodson 1987b). Dodson (1987b) ob-

served 1 1 virgin female .4. trixa to mate

after frequently waving their wings ("ad-

vertising behavior"). Conversely, none of

nine once-mated females exhibited the dis-

play (Dodson 1987b). Tauber and Toschi

( 1 965) reported that during the courtship of

Euleiafratria (Loew). the frequency of "wing

waving" and displacement of the wings are

indicative of the level of sexual excitation

of females. As noted above, frequency and

duration of wing waving by .4. mexicana

females was affected by the proximity of a

courting male, and males produced nuptial

gifts only in the presence of a displaying

female.

Although fruit fly wing movements usu-

ally are discussed in terms of intraspecific

displays, there also is strong evidence for

an interspecific role. It was recently shown

that wing movement and wing pattern of

Rhagoletis zephyria Snow and Zonosemata

vittigera (Coquillett) are important in de-

terring predation by mimicking the flies'

salticid spider predators (Mather and Roit-

berg 1987, Greene etal. 1987). Further, these

authors suggested that spider mimicry may
be widespread in the Tephritidae.

Abdominal inflation and odor produc-

tion have not been reported for other Aci-
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urina species. Tauber and Tauber (1967)

refer to "pumping of the abdomen" in male

homosexual encounters ofA.ferruginea, but

it is unclear whether this represents abdom-
inal inflation as discussed here. Abdominal
inflation accompanied by odor production

has been observed in males of the fruit flies

Dirioxa (= Rioxa) poniia (Walker), Anas-

trepha ludem (Loew), A. suspensa, Trupa-

nea bisetosa, and Toxotrypana curvicauda

Gerstacker (Pritchard 1967, Nation 1972,

Cavender and Goeden 1982, Landolt et al.

1985, Robacker and Hart 1985b). Appear-

ance of the inflated pleura ofAciurina mex-
icana was quite similar to that illustrated

for T. tee?05a (Cavender and Goeden 1982,

Fig. 2).

Glandular epidermal cells have been

identified in the pleura of abdominal seg-

ments 3, 4, and 5 of males of D. pornia

(Pritchard 1967), seven Anastrepha species,

and two Ceratitis species (Nation 1981). The
cells are sex-specific, occurring as a thick

band in male pleura; female pleural epider-

mis is uniformly thin and undifferentiated

(Pritchard 1967, Nation 1981). These glan-

dular cells are, at least in part, the probable

source of male odor in D. pornia. A. sus-

pensa, and A. ludens (see Pritchard 1967,

Nation 1974, 1981; Robacker and Hart

1 985a). Pleura removed from male.Jf/wnna

mexicana were visibly thicker than those

removed from females when compared un-

der a dissecting microscope, regardless of

the size of the fly. Based on the above ob-

servations, and because odor was detectable

only when the pleura were distended, it is

likely that the pleura of male A. mexicana

contain glandular cells that are associated

with the male odor.

Odors produced by male D. pornia. Anas-

trepha suspensa. A. ludens. and Toxotry-

pana curvicauda are attractive to females

(Pritchard 1967, Nation 1983, Landoh et

al. 1985, Robacker and Hart 1985a). The
odor produced by Trupanea bisetosa is pre-

sumably also a sex pheromone (Cavender

and Goeden 1982). Courting males of Aci-

urina mexicana always produced odor, but

it was not shown that the odor was attractive

to females. Because male odor was pro-

duced during wing fanning, it may also func-

tion intrasexually.

The male odor of A. mexicana is distinc-

tive, but diflicult to describe precisely. The
male odor of T. bisetosa was reported as a

"yeasty or musty smell" (Cavender and
Goeden 1982). The odor of A. mexicana is

likewise yeasty or musty.

Nuptial feeding has not been reported for

oXher Aciurina species. Dodson (1987b) re-

ported that adult feeding in general is "neg-

ligible" for A. irixa. He also noted that no

flowers or "obvious exudates" occur on the

host plant (Chrysothamnus nauseosus [Pal-

las] Britton) when adults are present. In con-

trast, flies used in the present study often

became so replete with the honey/yeast

mixture that ordinary movement, let alone

mating, was quite limited. Moreover, stems

and leaves of 5. sarothroides are coated with

a sticky material that is attractive to many
adult insects (Meyer et al. 1979) and on
which adult A. mexicana may feed. Adults

of A. ferruginea also feed (Tauber and Taub-

er 1967).

Nuptial feeding has been observed (Freid-

berg 1981 and references therein) or sus-

pected (Cavender and Goeden 1 984) for a

number of fruit flies. In five species, nuptial

gifts consist of an erect, white, frothy mass

produced from the mouthparts of males and
deposited onto the host plant (Freidberg

1 98 1 and references therein). In two of these

species nuptial gifts originate in large, sex-

ually dimorphic salivary glands (Pritchard

1 967, Freidberg 1981). In Spathulina sicula

Rondani, a species with postcopulatory

trophallaxis, the salivary glands of males are

much larger than those of females (Freid-

berg 1982 [species as tristis (Loew)], Fig. 5).

Sexually dimorphic salivary glands also are

present in males of Anastrepha and Ceratitis

(Nation 1981), but, at least for.-l. suspensa,

A. ludens. and C. capitata. nuptial feeding

has not been reported (Nation 1972, Pro-
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kopy and Hendrichs 1979. Robacker and

Hart 1985b). Preliminary examination of

the alimentary tract of five male and five

female A. mexicana showed essentially no

intersexual difference in size and shape of

the salivary glands. Both sexes possess a rel-

atively large crop.

Unlike the nuptial gifts discussed above,

that of .4. mexicana consisted of drops of a

clear fluid. When initially produced it was

similar to the fluid in the crops of dissected

flies. The amount of fluid produced was

greater than would be expected from the

salivary glands alone. It seems probable

then, that contents of the crop contributed

to the nuptial gift of .4. mexicana.

Mating behavior.— The courtship posture

assumed by male A. mexicana has not been

reported for other Aciurina species. The

posture is similar to that illustrated for D.

pornia (Pritchard 1 967, fig. 2). An erect pos-

ture also has been observed for Anastrepha

Wf/;5 (Robacker and Hart 1985b).

Mounting and copulatory positions of .4.

mexicana were like those described for A.

ferruginea (Tauber and Tauber 1 967). How-
ever, once mounted, males did not contact

the female's dorsum with their mouth parts

as in A. ferruginea. Mounting in .A. irixa is

facilitated by the male grasping the female's

hindlegs between the tibia and femur of his

forelegs (termed 'ieglock," Dodson [1987a,

b]). The forefemora of males are enlarged

and males with larger forefemora are more

successful in securing copulations (Dodson

1987a). This method of mounting was not

seen for A. mexicana and subsequent mea-

surements indicated no significant sexual

dimorphism in forefemora (Table 1).

Dodson (1987b) reported multiple mat-

ings by female .4. trixa. Females of .4. mex-

icana may also be polyandrous. On one oc-

casion a female mated again after 1 d, while

on another occasion a female mated again

after 1 wk. Conversely, in two trials initiated

2 d after copulation, one female was unre-

sponsive to and the other actively rejected

male courtship. Mean duration of copula-

Table 1 . Companson of mean maximum length and

width of forefemora among male and female .iciunna

mexicana (two-tailed /-test). Measurements taken with

ocular micrometer and dissecting microscope. Means
expressed in arbitrary units (35 units = 1 mm).
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"with the exception of the findings of com-
parative anatomy, no other kind of simi-

larity has been utihzed by systematists as

much as that of behavior." Current super-

generic classifications of the Tephritidae (e.g.

Foote and Steyskal 1987). which are based

largely on adult morphology, are problem-

atical. It is now well documented that many
fruit flies have characteristic mating behav-

iors. As shown here, sexual displays are a

potentially rich (but unused) source of com-

parative data. The interspecific distribution

of these displays may help resolve or cor-

roborate evolutionary patterns used to con-

struct classifications.

Acknowledgments

Adult A. me.xicana were collected with

the help of J. M. Sirota. N. Buck and J. M.
Sirota assisted in making video recordings.

Earlier drafts of the manuscript were re-

viewed by T. Burk, G. Dodson, R. D. Goe-
den, G. Henderson. W. L. Nutting. C. A.

Olson, J. M. Sirota, and an anonymous re-

viewer. Their assistance is gratefully ac-

knowledged. Arizona Agricultural Experi-

ment Station Manuscript No. 7050.

Literature Cited

Cavender, G. L. andR. D. Goeden. 1982. Lifehiston

ofTrupanea bisetosa (Diptera: Tephntidae) on wild

sunflower in southern California. Ann. Entomol.

See. Am. 75: 400-406.

. 1984. The life histor>- of /"araca/if/w n///an5

(Coquillett) on wild sunflower, Helianlhus annuus

L. ssp. lenuculans (Douglas) Cockerell, in south-

em California (Diptera: Tephntidae). Pan-Pac.

Entomol. 60: 213-218.

Dodson, G. 1987a. The significance of sexual di-

morphism in the mating system of two species of

tephritid flies (Aciurina trixa and I'alenlihulla

dodsoni) (Diptera: Tephritidae). Can. J. Zool. 65:

194-198.

. 1987b. Biological observations on .-tnun^a

tnxa and Valerilibu/la dodsoni (Diptera: Tephnt-

idae) in NewMexico. Ann. Entomol. Soc. Am. 80:

494-500.

Dodson. G. and S. B. George. 1986. Examination of

two morphs of gall-forming .-If/^nMa (Diptera: Te-

phntidae): Ecological and genetic evidence for

species. Biol. J. Linn. Soc. 29: 63-79.

Eldredge, N. and J. Cracraft. 1 980. Phylogenetic pat-

terns and the evolutionary process. Columbia

L'niversity Press. New Y'ork.

Foote. R. H. and G. C. Steyskal. 1987. Tephritidae,

pp. 817-831. In McAlpine. J. F., ed.. Manual of

Nearctic Diptera, Vol. 2. Agriculture Canada,

Monograph No. 28, Ottawa.

Freidberg. A. 1981. Mating behaviour of Sc/wi/o/j/e-

n;/»i/?ioei;i«( Becker (Diptera: Tephritidae). Israel

J. Entomol. 15: 89-95.

. 1982. Courtship and post-mating behaviour

of the fleabane gall fly. Spathuhna tnstis (Diptera:

Tephntidae). Entomologia Generalis 7: 273-285.

Greene. E.. L. J. Orsak. and D. W. Whitman. 1987.

A tephntid fly mimics the territonal displays of

Its jumping spider predators. Science 236: 310-

312.

Undolt, P. J., R. R. Heath, and J. R. King. 1985.

Behavioral responses of female papaya fruit flies,

Toxotn-pana cur\icandaiX>\p\era.: Tephntidae), to

male-produced sex pheromone. Ann. Entomol.

Soc. Am. 78: 751-755.

Mather, M. H. and B. D. Roitberg. 1987. A sheep in

wolfs clothing: Tephritid flies mimic spider pred-

ators. Science 236: 308-310.

Meyer. R. P., F. G. Zalom. T. L. McKenzie, and P. H.

Mason. 1979. Notes on insects associated with

desert broom (Baccharis sarothroides Gray) (Com-

positae) in southeastern Arizona. Southwestern

Naturalist 24: 603-612.

Nation. J. L. 1972. Courtship behavior and evidence

for a sex attractant in the male Canbbean fruit fly,

Anastrepha suspensa. Ann. Entomol. Soc. Am. 65:

1364-1367.

. 1974. The structure and development of two

sex specific glands in male Canbbean fruit flies.

Ann. Entomol. Soc. Am. 67: 731-734.

. 1981. Sex-specific glands in tephritid fruit

flies of the genera .•l/7ai?/'ep/iu. Cerainis. Dae us and

Rhagoletis (Diptera: Tephritidae). Int. J. Insect

Morphol. and Embryol. 10: 121-129.

. 1983. Sex pheromone of the Caribbean fruit

fly: Chemistry and field ecology. Proc. 5th Int.

Conf Pest. Chem. 2: 109-110.

Piper, G. L. 1976. Bionomics of Euaresloides acu-

langulus (Diptera: Tephritidae). Ann. Entomol.

Soc. Am. 69:381-386.

Pritchard, G. 1967. Laboratory observations on the

mating behaviour of the island fruit fly Rwxapor-
nia (Diptera: Tephritidae). J. Aust. Entomol. Soc.

6: 127-132.

Prokopy, R. J. and J. Hendnchs. 1979. Mating be-

ha\ lor of Ceralitis capilala on a field-caged host

tree. Ann. Entomol. Soc. Am. 72: 642-648.

Robacker. D. C. and W. G. Hart. 1985a. (Z)-3-no-

nenol. (Z.Z)-3,6-nonadienol and (5,5)-(-)-epi-

anastrephin: Male produced pheromones of the



VOLUME92. NUMBER1 75

Mexican fruit fly. Entomol. Exp. .Appl. 39: 103-

108.—
. 1985b. Courtship and territoriality of labo-

ratory -reared Mexican fruit flies. Anastrepha lu-

dens (Diptera: Tephntidae), m cages containing

host and nonhost trees, ."^nn. Entomol. Soc. Am.
78: 488^94.

Sivinski, J.. T. Burk. and J. C. Webb. 1984. Acoustic

courtship signals in the Canbbean fruit fly. Anas-

trepha suspensa (Loew). ."Xnim. Behav. 32: 101 1-

1016.

Steyskal, G. C. 1984. .A synoptic revision of the genus

.4ai<n>wCurran, 1932 (Diptera. Tephntidae). Proc.

Entomol. Soc. Wash. 86: 582-598.

Tauber, M. J. and C. .^. Tauber. 1967. Reproductive

behavior and biology of the gall-former Aciunna

fcrruginea (Doane) (Diptera: Tephntidae). Can. J.

Zoof 45:907-913.

Tauber. M. J. and C. A. Toschi. 1965. Bionomics of

Euleia fratria (Loew) (Diptera: Tephntidae). L Life

history and mating behavior. Can. J. Zool. 43:

369-379.

Wangberg. J. K. 1981. Gall-forming habits of .4a-

unna species (Diptera: Tephntidae) on rabbit-

brush (Composnae: Chrysothainnus spp.) in Ida-

ho. J. Kans. Entomol. Soc. 54: 71 1-732.


